Variations in time and space of a clonal group of Escherichia coli O165:H25 on a cattle farm were monitored. The virulence marker pattern (stx genes, eae gene, hly EHEC gene, katP gene, espP gene, efa gene) suggests that E. coli O165:H25 of bovine origin may represent a risk for human infection.
Typing and subtyping of genes (stx 1 and/or stx 2 , eae, hly EHEC , katP, and espP) associated with STEC were performed by LightCycler fluorescence PCR (40) and different Block cycler PCRs (Tables 2 and 3) . A complete pattern of virulence markers was detected in most bovine isolates examined. An stx 2 gene, but not an stx 1 gene, was present in all O165 strains (Table 1) . EHEC strains with stx 2 genes are significantly more frequently associated with HUS and other severe diseases than isolates with an stx 1 gene, which are more often associated with uncomplicated diarrhea or healthy individuals (6, 36) . Stx2 is closely related to a family of Stx2 variants or alleles, which includes Stx2c (48), Stx2d (36) , Stx2e (56) , and Stx2f (47) , although Stx2c and Stx2d are produced by STEC strains isolated from humans (36, 38, 43, 44, 48, 50) . Additional genetic variants of the stx 2 gene have been described (5, 14, 28, 55) . In contrast to STEC strains harboring stx 2 gene variants, however, STEC strains with the stx 2 genotype were significantly associated with HUS (17) . An stx 2 gene with the stx 2-EDL933 genotype was found in all O165 isolates tested ( Table 1 ). The nucleotide sequences of the A and B subunits of the stx 2 gene of the bovine O165:25 strain 02/09/010-1 (GenBank accession number AY652745) were identical to the sequences of the stx 2 gene of EHEC type strain EDL933 (35), a typical O157:H7 strain isolated from a HUS patient, with the sequences of the gene of bacteriophage 933W (37) , and with the sequences of stx 2 genes of other E. coli O157:H7 strains of human origin isolated from EHEC outbreaks (25, 27) . All bovine O165:H25 strains produced an Stx2 with high cytotoxicity for Vero cells as determined by an Stx enzyme-linked immunosorbent assay and by a Vero cell neutralization assay (49) .
Not only factors that influence basal and inducible Stx production are important in STEC pathogenesis. In previous studies, it has been suggested that the eae and hly EHEC genes likely contribute to STEC pathogenicity (3, 6, 42) . Ritchie et al. (42) found both of these genes in all HUS-associated STEC isolates that they analyzed. The stx 2 genes were present in combination with eae genes in all O165 isolates that we obtained (Table 1) . To date, 10 distinct variants of eae have been described (13, 21, 31, 39) . Some serotypes were closely associated with a particular intimin variant (4, 12, 13, 55) . Our study confirmed these associations. Like the O103 isolates, all bovine and human E. coli O165 strains were grouped into the ε-eae subgroup. Also, nucleotide sequencing of the bovine O165:H25 strain 02/09/010-1 (GenBank accession number AF479581) revealed a high level of sequence homology (99.7%) to the eae gene of an O103:H2 strain (31) . E. coli O103:H2 strains have frequently been associated with human HUS cases in Europe. Like the eae gene, the hly EHEC gene was found in association with severe disease in humans (45, 46) . In our study, the hly EHEC gene was detected in the O165 strains in which a 70-kb plasmid was also found ( Table 1) . The presence of a 70-kb plasmid was associated with the occurrence of additional virulence markers, such as the espP gene, and all but one isolate contained the katP gene (10, 11) . The reason for the slightly smaller size (67 kb) of the plasmid in this isolate may be linked to fact that the katP gene was not present in this isolate ( Table 1 ). The efa1 genes were detected in 37 of 38 bovine O165:H25 isolates with two DNA probes by colony hybridization, and the results were confirmed by Southern hybridization after pulsed-field gel electrophoresis (PFGE); in this analysis the DNA probes were labeled with digoxigenin (DIG), primers lifA1 and lifA2 and primers lifA3 and lifA4 (Table 3) were used with a PCR DIG probe synthesis kit (Roche Diagnostics, Mannheim, Germany), and DIG Easy Hyb solution (Roche) was used for prehybridization and hybridization. The efa-1 gene was located on an approximately 240-kb XbaI fragment or on an approximately 440-kb NotI fragment. These fragments were missing in the isolate that was negative as determined by colony hybridization (Fig. 1) . To determine this, slices of the plugs were digested for 4 h with XbaI, NotI (New England Biolabs GmbH, Frankfurt am Main, Germany), BlnI (AvrII), or SpeI (Amersham Biosciences Inc., Buckinghamshire, United Kingdom). The resulting fragments were separated in a 1.0% agarose gel (SeaKem Gold agarose; Cambrex) in 0.5ϫ Tris-borate-EDTA at 10°C with a CHEF Mapper XA system. The pulse times for XbaI and NotI digests were increased from 5 to 50 s (gradient, 6 V/cm) during 25 h at a constant angel of 120°. The switch time We also analyzed the spatial and temporal behavior of the clonal group of O165:H25 strains in the herd by genomic typing with PFGE (Fig. 1) . During a 3-year monitoring program on four cattle farms (19), the O165:H25 clone was detected on only one farm for 4 months. This serotype was not detected before or after this period, although many other potential EHEC strains belonging to other serotypes were found in this herd (19) . Twenty O165:H25 isolates were found in four different cattle on the first date of detection. Different subclusters were already present and were even isolated from a single animal (Table 1) . These results suggest that the O165 clone either had been introduced into the farm shortly before the first detection or was the result of recombination due to horizontal gene transfer (8, 18) . The occurrence of different subclusters at the same time could have been the result of interactions between different bacteria or between bacteria and the host in the bovine intestine. At later sampling dates the num- ber of O165:H25 isolates was reduced. The dominant subcluster, subcluster 1, could still be found, but many other subclusters were detected at the same time. The genetic distance between the O165:H25 isolates increased, and in some isolates plasmid-encoded virulence markers or complete virulence plasmids were missing. Variations in the O165:H25 clonal group might have been caused by increasing competition between the bacterial populations of various subtypes in the bovine intestine or by potential interactions between the O165:H25 EHEC and the host. The O165:H25 clonal group finally disappeared from the herd after it had persisted for 4 months. Perhaps the loss of the efa-1 gene in one isolate obtained on the last date when O165:H25 was isolated from the herd can help us understand why the clone disappeared. Efa1 is considered an E. coli factor for colonization of the bovine intestine by non-O157 STEC (51) . Also, this O165:H25 strain exhibited the greatest genetic distance compared to the remaining strains in the clonal group (Fig. 1) . The distances were calculated from the fragmentation patterns produced by each of the four PFGE enzymes by using the RAPDistance program, version 1.04 (2) . The Euclidean distance in three dimensions was not calculated because all O165:H25 strains were isolated from the same farm (i.e., the geographic distance was zero for all isolates). A cluster analysis, using the unweighted pair group method with arithmetic averages, was performed for PFGE by using Statistica 6.1 for Windows (StatSoft Inc., Tulsa, OK). In any case, our results suggest that the persistence of a distinct clone of EHEC may be limited in time and space (i.e., in a cattle herd). This is apparently not a unique property of O165:H25, since we obtained similar results for clonal groups of other EHEC serotypes (O26:H11 and O157:H7) in cattle. The four human O165H25/H-isolates belonged to different other clonal groups (Fig. 1) .
In conclusion, bovine O165:H25 isolates can carry virulence factors of EHEC that are associated with EHEC-related disease in humans, particularly HC and HUS. Therefore, strains of bovine origin may represent a considerable potential risk for human infection.
